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(54) Loudspeaker system and sound producing apparatus 



(57) In the invented speaker system, a passive radi- 
ator 401 is mounted on a top tx)ard 403a of baffle 403 in 
a direction opposite to a speaker unrt 402. The speaker 
unit 402 is mounted on the opening of a cylinder 403b 
protruding from top board 403a at a place inner from the 
end. The remaining part of the opening is closed with a 
sut>taffle 406, to form a front dosed cavrty 404 and a 
t>ack closed cavity 405. In this way, tx>th the passive 
radiator 401 and the speaker unrt 402 are fixed to the 
top board 403a whose rigidity t>eing the highest; which 
reduces the unwanted vitxation. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention is related to a bixispeaker 
system and a sound producing apparatus, spedfically 
to a loudspeaker system and a sound producing appa- 
ratus advantageous for use in a car. 

In the era of popular use of Compact Disk(CD). Mini 
Disk(MD), Digital Audio Tape(DAT) and other dgital 
sound sources, louctepeaker systems sire requested to 
t>e able to reproduce the recorded sound for a wide 
ranga In order to improve the lew range sound repro- 
duction. Ketton type speakers have t>een known, In 
whk;h a speaker unit and a passive radiator are com- 
bined. 

In the tollowing, a conventional Ketton type speaker 
System having passive radiator is described referring to 
Rg.14. The conventional speaker system comprises a 
passive radiator 1 01 which actually prodices a sourxJ. a 
speaker unit 102 for driving the passive radiator 101. a 
baffle 103. being a constituent of speaker tx>x, for 
mounting the passive radiator 101 on. a front closed 
cavity 104 for coupling the sound output of speaker unit 
102 with the passive racfiator 101. a back cbsed cavity 
105 for sealing the backward sound output of speaker 
unit 102 in. a sufc>-t>affle 106, which splits a space into 
the front closed cavity 104 and the back closed cavity 
105. for mounting the speaker unit 102 on, and a cabi- 
net 107 which constitutes a speaker box in combination 
with the baffle 103. The sub-buffle 106 is fixed to the 
side wall of speaker box. 

Fig. 15 is an equivalent circuit diagram of a conven- 
tional Ketton type speaker system having passive radia- 
tor. Represented in Rg.15 are: an electro-ma^etic 
resistance 201 due to reverse electromotive force of 
speaker unit etc.. a mechanical resistance 202 of 
speaker unit, an equivalent mass 203 due to the mass 
of speaker diaphragm eta, a compliance 204 due to 
darrper and edge etc. of speaker unit a transformer 
205 conducting the sound output of speaker unit to a 
passive radiator in proportion to the area ratio, a 
mechanical resistance 206 of passive radiator, a com- 
pliance 207 due to damper and edge ^c. of passive 
radiator, an equivalent mass 208 due to the mass of 
passive radiator diaphragm etc., a compliance 209 due 
to front closed cavity, and a compliance 210 due tot>ack 
ck>sed cavity. 

Now in the folk]wing, description is made on the 
operatk>n of a conventional speaker system having the 
above described constitution. A sound produced, as 
illustrated in Rg.14. by a sound producing output d^- 
charged from the front of speaker unit 1 02, which drives 
the passive radiator 101 mounted on baffle 103 by 
mearrs of the air existing within front closed cavity 104 
formed by baffle 103 and suk>-t>affle 106; the passive 
radiator 101 actually produces a sound. A sound pro- 
ducing output discharged from the back of speaker unit 
102 is sealed within the back closed cavity 105 formed 



by sub-baffle 106 and cabinet 107 so as it does not 
interfere with the sound producing output of passive 
racfiator 101. 

Rg.16 is a comparison of low range sound produc- 

5 ing characteristics, showing the advantages of a con- 
ventional Ketton system having passive radiator. In 
Rg.16, a line 301 represents the frequency characteris- 
tics of output sound pressure level in a sealed cabinet 
system. In the sealed cabinet system, sound producing 

10 output generated from the back of a speaker unit is 
sealed within a speaker box in order to avoid the inter- 
ference with the sound producing output from the front 
of speaker unit, tf a speaker box is not sufficiently large, 
the compliance with respect to the speaker unit deterio- 

75 rates, and the fow range producing capability is limited, 
as indicated by the shape of line 301 . 

A line 302 represents the frequency characteristics 
of output sound pressure in a reversed phase system 
using a same type speaker unit and speaker box. In the 

20 reversed phase system, a sound producing output gen- 
erated from the t>ack of a speaker unit is made to reso- 
nate through a duct of the speaker box at a certain 
frequency(h^etnafter referred to as anti-resonance fre- 
quency). whk;h is mixed with a sound produdng output 

25 from the front of speaker unit The sound producing out- 
put through the duct has a same phase as that from the 
front of speaker unit at the vicinity of the anti-resonance 
frequency, which improves the radiation effk:iency by 
mutual effects and the limit of k]w range sound is 

30 extended as conpared with the sealed cabinet system. 
In a very low frequerKiy range, fxywever. the phase of 
sound producing output through the duct is reversed 
against the sound producing output from the front of 
speaker unit. whk;h invites the mutual offsetting. As a 

55 result, the characteristics curve shows a steep decre- 
ment of approximately -20dB/6ct. in the very lew fre- 
quency range. Therefore, heavy t>ass production 
remains unsatisfactory. 

A line 303 represerrts the frequency character^cs 

40 of output sound pressure in a conventional Ketton sys- 
tem having passive radiator using a same type speaker 
unit and speaker box. In the same manner as in the 
reversed phase system, the Ketton system makes pas- 
sive radiator, speaker unit and speaker box resonate at 

45 a certain frec^ency(hereinafler referred to as towest 
resonance frequency), extending the limit of fow range 
sound production. As the passive radiator and the 
speaker unit resonate in a same phase, the deaement 
at very low frequency range follows a same moderate 

50 curve approximately -12dB/oct. as that of the sealed 
cabinet system, producing a sufficient heavy bass. Fur- 
thermore, the passive radiator does not vft)rate in a fre- 
quency range higher ttian a certain frequency despite a 
vibrating speaker unit, which means that the system ts 

55 provided also wHh an excellent band pass characteristic 
as a low range speaker. 

As descrbed atxive, a conventional Ketton system 
having passive radiator improves the k>w range sound 
production providing the advantages of both the sealed 
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cabinet system, good production of heavy t>ass wtiich is 
due to moderate deaement characteristic in very low 
frequency range, and the reversed phase system, an 
exterxjed limit off low range production. 

The conventional Ketton system having passive s 
radiator is a speaker system quite effective in improving 
the lew range production, as descrbed above. In the 
system, however, the siA>-t>afrie for splitting a space 
inside the speaker tax into a front dosed cavity arxi a 
t>aGk closed cavity is mounted on it with a speaker unit 10 
t>eing a vtbratkxi source, arxi is fixed to the skie wall of 
speaker box, whk:h makes the sut>-baff le itself a source 
of unwanted vitxatbn due to the counteraction of 
speaker unit This accompanies a problem, that is a 
larger unwanted vODration of a speaker system itself. is 

Another prok)lem with the system is that in a com- 
pact or flat configuration it is cfifficuH to obtain an kieal 
sourxi ctiaracteristic t>ecause of the structural limitatk>n 
in reducing the volume of front closed cavity; the reason 
is, one of the parameters whk^h give a substantia] influ- 20 
ence on the sound characteristks of this typ>e of 
speaker system is the ratio in volume t>etween front 
ctosed cavity and t>ack dosed cavity, arxJ there is a lim- 
itation in making the volume of front dosed cavity small 
in a structure where a space is splitted into front dosed 2s 
cavity and back dosed cavity by a sut>-baff le. 

SUMMARY OF THE INVENTION 

The present inverrtion is aimed to present a speaker 30 
system having a reduced unwanted vibratkxi. It is also 
aimed to present a conpact speaker system having an 
improved sourxJ characteristic. 

For implementing the objectives, a speaker system 
according to the present invention comprises a speaker 3S 
unit connected with sound input signal terminals, a pas- 
sive radiator driven by a sourxJ output from the speaker 
unit, a front dosed cavity having the passive radiator for 
coupling the sound output of speaker unit with sacl pas- 
sive radiator, a back dosed cavity for sealing the sound 40 
output of speaker unit in, a t>aff le having a top tx)ard for 
installation of the passive racfiator and constituting a 
part off speaker kxxx, and a cabinet wh'x^h constitutes a 
speaker tx>x in combination with the t)aff le, wherein the 
speaker unit is nrxxinted on a mounting menrt>er fixed to 45 
the top tx>ard at a place other than the end. 

A sound produdng apparatus according to the 
present invention conprises saki speaker system, a 
power amplifier for supplying sound productk>n signal to 
the speaker system, a microptK>ne for detecting sound so 
output signal radiated from either the speaker unit or the 
passive radiator, and a sound feedback drcuit for feed- 
ing the sound signal from microphone to the power 
amplifier. 

According to the atX3ve described structure wh^e ss 
t)oth the speaker unit, beAryg a vtoration source, and the 
passive racfiator are fixed direct to the top tx>ard of baf- 
fle, whose rigkiity t>eing the highest, the unwanted 
vibration of sutHi>affle caused by the counteractk>n off 



speaker unit is significantly reduced, and the unwanted 
vibratk>n of a speaker system itself is kwered. Furlher- 
nrK>re, by mounting a speaker unit direct on the top 
board of baffle the volume ratio of the front dosed cavity 
can t>e minimized even in a compact or flat configura- 
tion; whk;h helps improve the sound characteristics of a 
speaker system, as well as a sound productk)n appara- 
tus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg.1 is a cross sectbnal view showing a Kelton 
type speaker system having passive radiator, according 
to a first embodiment of the present inventbn. Rg.2 is 
an exploded perspective view of the speaker system of 
Fig.1. Fig.3 is an equivalent drcuit diagram off the 
speaker system of Fig.1. Fig.4 is a block diagram of a 
sound produdng apparatus comprsing the speaker 
system of Rg.1 with a t)uiH-in power amplifier to t>e used 
as subwoofer. Rg.5 is a block diagram showing the 
sound feedt>ack drcuit of Fig.4. Rg.6 is a constitution of 
a car4x)me sound apparatus comprising the subwoofer 
of Rg.4. Rg.7 illustrates vflxation level; ttiat of a conven- 
tional speaks box in (a), that of thespeaker txsx of Rg.1 
in (b). Rg.8 shews frequerx;y characteristics of a sound 
produced by a oonventior^l speaker system in (a), 
tfiose ty the speaker system of Rg.1 in (b). Rg.9 is a 
block diagram of a sound produdng apparatus having 
the speaker system of Rg.1 used as subwoofer. Fig.10 
is a cross sectional view shiowing a nxxlrfcation of the 
speaks system of Rg.1 , where the passive radiata is 
divkled. Rg.11 is a cross sectional view showing 
another modifKation of the speaker system of Rg.1. 
where a duct is used in place of the passive radiator. 
Rg.12 is a cross sectkxial view showing a still other 
nrxxlif toation of the speaker system off Rg.1 , where a dif- 
fuser is attached on the passive radiator. Rg.13 \s a 
cross sectk>nal view of a Kelton type speaker system 
having passive radiator according to a seoorxl embodi- 
ment of the present inventbn. Rg.14 is a cross sec^ 
tk>nal view of a conventional Kelton type speaker 
system having passive radiator. Rg.15 is an equivalent 
drcuit diagram of the conventbnal speaker system of 
Rg.14. Rg.16 compares various systems tyy frequency 
characteristk^s curves in the bw frequency range. 

PREFERRED EMBODIMENTS OF THE IfWENTlON 

A speaker system according to a first errtxxfiment 
of the present invention as shown in Rg.1 and Rg.2 
comprises a passive radiator 401 whk;h actually pro- 
duces a sound, a speaker unit 402 for driving the pas- 
sive radiator 401 by a sound output from the back, a 
baffle 403 being a cor^tituent of speaker box for nxxjnt- 
ing the passive racfiator 401 and the speaker unit 402 
altogether on, a front dosed cavity 404 for coupling a 
sound output from the back of speaker unit 402 with the 
passive radiator 401. a back dosed cavity 405 for seal- 
ing a sound output from the front of speaker unit 402 in. 
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a SLi>-balfle 406 splitting a space into the front dosed 
cavity 404 and the t>ack closed cavity 405, and a cabinet 
407. 

Speaker unit 402 is nmunted on an opening of a 
cylinder 403b protruding from a top board 403a of baffle 5 
403 at a place inner from the end. The remaining por- 
tion of opening of cylinder 403b is closed with a sut>-t>af- 
fle 406; the front dosed cavity 404 is formed with top 
board 403a. cylinder 403b and sut>-t>affle 406. The t>af- 
fle 403 is comprised of a high rigidity material, the top 
board 403a is made to have the highest rigidity. 

The manufacturing process may t>e simplified t>y 
gluing or welding a diaphragm 401a of passive radiator 
401 direct to the top board 403a. 

Rg.3 shows an equivalent drcuit diagram of the 
speaker system of Rg.1. The equivalent drcuit com- 
prises an electro-magnetic resistance 501 due to coun- 
ter elecfromotive force of speaker unit etc., a 
mechanical resistance 502 of speaker unit, an equiva- 
lent mass 503 due to the mass of speaker diaphragm 
etc.. a conrpli£ince 504 due to damper and edge etc. of 
speaker unit, a transformer 505 conducting a sound out- 
put of speaker unit to a passive racfiator in a reverse 
phase in proportion to the ratio of areas, a mechanical 
resistance 506 of passive radiator, a compliance 507 
due to damper and edge etc. of passive radiator, an 
equivalent mass 508 due to the mass of passive radia- 
tor diaphragm etc.. a compliance 509 due to front 
dosed cavity, and a compliance 510 due to back dosed 
cavity. 

Fig.7(a), Rg.7(b) compare the vibration level of Kel- 
ton type speaker box having passive radiator; charac- 
teristics curve 1001 represents the vbration level of a 
conventfonal speaker box, 1002 represents the vibration 
level of a speaker box according to the present embodi- 
ment; measured in tx>th cases at the surface of baff la 

Fig.8(a), Ftg.8(b) compare the frequerK;y character- 
istics of Keiton type speaker txix having passive radia- 
ta; curve 1101 represents the sound frequency 
characteristics of a conventbnal speaker box, curve 
1 1 02 represents the sound frequency characteristk:s of 
a speaker box according to the present errtedinnenL 

In a Keiton type speaker system having passive 
radiator according to the present embodinient, speaker 
unit 402 is nrKHjnted in a reverse orientatbn relative to 
passive radiator 401 , and a sound output from the t>ack 
of speaker unit 402 is conducted via the air of front 
dosed cavity 404 to passive radiator 401 to produce a 
sound therefrom. The functbn of sub-baffle 406 is sinrv 
ply to split a space into front dosed cavity 404 arxi back 
dosed cavity 405. The source of vibration, namely 
speaker unit 402 and passive racfiator 401 are mounted 
direct onto the baffle 403, the rigidity of wNch being the 
highest; therefore, the unwanted vibratkxi of sub-baffle 
406 due to counteractfon of speaker unit 402 is signifi- 
cantly reduced, and the unwanted vit)ratk)n of speaker 
system itself is reduced. From the comparison of the 
conventk>nal vibration level 1001 arxi that of the present 
embodiment 1002, it is understood tfiat thte vS)ration of 



speaker box is substantially reduced in the present 
embodiment 

In a compact or flat configuration, the direct mount- 
ing of speaker unit 402 onto baffle 403 helps keep the 
volume ratio of the front dosed cavity reduced. This 
brings about an improved limit of tow range production 
in the present embodiment, as represented by the 
sound frequency characteristtos 1102 versus conven- 
tional 1101; thus the sound characteristics of a speaker 
system ts irrproved. 

The back dosed cavity 405 is to seal the front 
sound output of speaker unit 402 in, so as the front 
sound output from speaker unit does not interfere with 
the sound output from passive radiator. 

in a speaker system according to the present 
embodiment a sound output from the back of speaker 
unit 402 is conducted via the air of front dosed cavity 
404 to passive radiator 401 to obtain a sound output 
from the passive racfiator 401 , therefore the speaker unit 
402 and tfie passive radiator 401 are reverse-phased. 
Transformer 505 represents the above described situa- 
tion. For a case of joint use with other speaker system, 
the sound signal input terminal of a speaker system 
according to the present emtxxJiment is coupled with 
speaker unit 402 in tfie reverse pfiase. 

Rg.4 is a t)lock dagram showing an application of 
the present embodiment, a sound produdng apparatus 
in which the speaker system of Rg.1 with buittnn power 
anrplifier is used as subwoofer. The sound produdng 
apparatus comprises a pulse width nrxxiulating type 
power amplifier 605 which arrplif ies only the low range 
signal of sound input signal, a speaker system of Rg.1 

606 whtoh reproduces sound output signal from power 
amplifier 605, and a sound feedback drcuit 607 which 
detects with a nrucrophone 602 a sound signal radiated 
from speaker system 606 for controlling the sound sig- 
nal t>ased on output signal from the micrcphone 602. 
The feedback drcuit 607 is formed in a stage t>efore the 
power amplifier 605. Here, the sound feedback drcuit 

607 and power amplifier 605 constitute a pcwer amplify- 
ing means for amplifying only the low range signal of 
sound output signal from a sound source 61 1 . and deliv- 
ers the amplified to the speaker system 606. 

The sound feecfl>ack drcuit 607 comprises, as 
shown in Rg.5. a subtracter 601 in wNch an input termi- 
nal 1 to t>e connected with output of the sound source 
611 is conneded to a reverse input terminal, a mk;ro- 
phone arrplif ier 603 to which an output signal of micro- 
phone 602 is inputted, and an adder/subtracter 604 
which processes the output of microphone amplifier 603 
and the sound signal to be inputted to power amplifier 
605 arithmetically, the output of adder/subtracter 604 is 
connected to a non-reversal input terminal of the sub- 
tracter 601. 

The pulse width modulation type power amplifier 
605 is a power amplifier which is compact yet yiekis a 
high output By incorporating the power amplifier 605 in 
advance within a sound produdng apparatus, integra- 
tion with other sound produdng apparatus for a higher 
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performance turns out easy. The startup of sound pro- 
ducing output is also innproved by a servo-effect of tfie 
sound feedback circuit 607. 

Rg.6 sfiows a constitution of a car-borne sound 
producing apparatus, in wfiich a speaker system s 
according to the present embodiment is incorporated as 
subwDofer. Basically, this is comprised of a sound 
source 611 and a full-range speaker system 612. In 
Rg.6. the sound source 61 1 comprises a sound source 
equipment 61 1 a sucfi as a compact disk player, a copd- 
pact cassette player, a tuner etc., an adjusting section 
611b for adjusting the volume, tone of sound source, 
and a power amplifier 61 1c for amplifying sound output 
signal therefrom. The full-range speaker system 612 
reproduces sourxi output signal of sound source 61 1 in 
a room of a car. The sJbwoofer 613 is a Kelton type 
speaker system having passive radiator aocorcfing to 
the present embodiment, coupled with sound output 
signal from sound source 611. The use of subwoofer 
613 improves the kMv range frequency characteristics. 
Furthermore, a phase relative to otfier sound producing 
apparatus may t>e optimized t>y delivering to subwoofer 
613 a sound signal wfiich is reverse-phased with 
respect to a sound signal applied to full-range speaker 
system 612. 

Fig.9 shows another car^rne sound producing 
apparatus in which a speaker system according to the 
present embodiment is used as subwoofer. The sound 
producing apparatus comprises a frequency voltage 
converter 701 which converts tfie frequency of car 
speed pulse delivered from car into a direct current volt- 
age proportionate to the car speed, a voltage control 
amplifier 702 which amplifies sound input signal and 
outputs a sound signal proportionate to control voltage 
of tfie frequency voltage converter 701, an integratbn 
drcut 703 which prevents tfie output signal of voltage 
control amplifier 702 from making a frequent f luctuatwn 
according to control voltage of frequency voltage con- 
verter 701, a signal limiting circuit 704 wfiich stp- 
presses an excessive sound output signal when a 
sound volume of speaker system 606 is large enough 
not to be affected by room noise, a voHage control 
annplifier 705 which controls sound signal according to 
an output voltage when engine switch is ON so as an 
appropriate sound volume is obtained wften a car is 
stopped wrth engine keep kiling, a pulse wktth modula- 
tion type power amplifier 605 which amplifies only low 
range output power signal of voltage control amplifier 
702. a speaker system according to the present embod- 
iment 606 which reproduces sound output signal of 
power amplifier 605, and a sound feedback drcut 607 
which controls sound signal based on output signal of 
mk^hone 602 provided for detecting sound signal 
radiated from speaker system 606. the feedback circuit 
607 t>eing formed between signal limiting circuit 704 
and power amplifier 605. 

The signal limiting drcut 704. feedt>ack drcuit 607 
and power amplifier 605 constitute a power amplifying 
means for amplifying only the low range signal of sound 



output signal from voltage control amplrfier 702, and 
delivering the amplified power to speaker system 606. 
The sound feedback drcuit 607 is as sficwn in Rg.5. 

The operatk>n of a car-borne sound produdng 
apparatus constituted as above is descrS>ed in the fol- 
lowing. A sound signal delivered from sound source 61 1 
is inputted to voltage control amplifier 705. The anplifi- 
cation of voltage control amplifier 705 goes higher for a 
certain level upon detecting a voltage tfiat appears 
when engine switch of a car is ON. Frequency voltage 
converter 701 is supplied with pulse of a car speed, and 
delivers a contrd voltage proportionate to the car speed 
to voltage control amplifier 702 via integration drcuit 
703. A sound signal outputted from voltage control 
amplifier 705 is inputted to voltage control amplifier 702. 
The amplrf k^tion of voltage contrd amplifier 702 is con- 
trolled in proportk>n to the control voltage of frequency 
voHage converter 701, namely a speed of the car. 
Sound output of voltage control amplifier 702 is inputted 
to signal limiting drcuit 704. The signal limiting drcuit 
704 suppresses excessive sound volume accompanied 
t}y an increased car speed, when sound volume of sut>- 
woofer Is large enough rxst to be affected by road noise 
and other room noises. Sound output signal of signal 
limiting drcuit 704 is inputted to sound feedback drcuit 
607. 

The sound feedback drcuit 607 detects the sound 
output of speaker system 606 with microphone 602. and 
fonms a feedt>ack loop with a microphone amplifier, a 
siMracter and an adder/sUjtracter, to improve the 
sound produdng output of subwoofer through a servo- 
effect Sound output of sound feedback drcurt 607 is 
inputted to the pulse wktth modulatk>n type power 
amplifier 605. The pulse width modulatk>n type power 
amplifier 605 has a txjilt-in ksw pass filter drcuit etc., 
and amplifies only the kw range power. Speaker sys- 
tem 606 is sif)plied with sound output signal of pulse 
wkith nrxxiulation type power airplif ier 605. and outputs 
a reproduced sound in a room of the car. 

The ndse level in a car room is higher when, in the 
order, a car is in stop, engine in klling state, running at 
k3w speed, running at moderate speed, running at high 
speed. However, under the above descrit>ed constitu- 
tk>n the sound volume of speaker system, or sut>woofer, 
also increases in proportton to the level of room noise; 
therefore, the S/N ratk> of a sound produced by the sub- 
woofer is innproved to keep staying in a fixed value, arvi 
a most appropriate sound is reproduced. Meanwhile, 
when the sound volume of subwoofer is large enough 
not to be affected by the room noise, the signal limiting 
drcuit 704 suppresses unnecessary inaease of siA>- 
woofer volume even if the running speed of a car is high. 
Even if running speed of a car changes frec^entty, the 
sound volume of sut>woofer never shifts tfiat frequent 
thanks to the work of integpration drcuit 703. 

As deserved in the atx>ve, the present sound pro- 
dudng apparatus installed in a car avokis the masking 
phenomenon, by shifting the amplification of power 
amplifier in low range signal according to a cfianging 
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road noise caused by changing car speed as well as 
according to the existence or not of engine noise. 

Rg.10 shews a nrxxdification of the Kelton type 
speaker system of Rg.1 having passive radiator, 
errploying a plurality of passive radiators 801. 802. In 
the case with plural passive radiators, H the total sum of 
the area and mass of cfiaphragms is identical to that of 
the case of a single passive racfiator the characteristics 
will be identical to those of the first embodiment. This 
proves additional freedom in designing a speaker sys- 
tem. 

Rg.11 shows another modification of the speaker 
system of Rg.1. in whk;h a duct 902 is used in place of 
passive radiator 401 in Rg.1. If the area for internal 
diameter of duct 902 and the mass of air within duct 902 
are identical to the diaphragm of passive radiator 401 , a 
same characteristic as in the f irst embodiment will be 
obtainable. This helps simplify the structure of a 
speaker system 

Rg.12 shows a speaker system which is the 
speaker system of Rg.1 further provided with a cOffuser 
408 on passive radiator 401. A sound output repro- 
duced from passive radiator 401 is reflected t>y the df- 
fuser 408 to t>e delivered through a sound output 
radiating section 409 placed in the side of speaker box 
and diffuser 408. This increases the effective equivalent 
mass against passive radiator 401 , bringing about a fur- 
ther extended limit of lew range reproductbn. Even 
when goods are placed on a speaker box of the present 
structure the sound characteristics is not affected; even 
when the speaker box is installed underneath a car seat 
a vft)ratk)n 1hat could make a person sitting on the seat 
feel unpleasant is alleviated because the sound pres- 
sure does not shoot direct up. 

(Embocfimenl2) 

Rg.13 is a cross sectional view shewing a Kelton 
type speaker system having passive radiator according 
to a second errtxxiiment of the present invention. The 
speaker system comprises a passive radiator 1301 
whk;h actually produces a sound, a speaker unit 1302 
for driving the passive radiator 1301 with a front sound 
output a baffle 1303 on wNch the passive radiator 1301 
and the speaker unit 1302 are mounted and constitutes 
a pert of a speaker box. a front dosed cavity 1304 for 
coupling a front sound output of speaker unit 1302 with 
passive radiator 1301, a back closed cavity 1305 for 
sealing the back sound output of speaker unit 1302 in. 
and a cabinet 1 306 which constitutes a speaker box. 

The passive radiator 1301 \s fixed direct to top 
board 1303a of baffle 1303. the speaker unit 1302 is 
nxHinted on the opening of a cylinder 1303b which is 
fixed to top board 1303a at a place inner from the end. 

In a speaker system according to the second 
embodiment, sound output from the front of speaker 
unit 1302 is conducted via the air in front ck>sed cavity 
1304 to passive radiator 1301 to produce a sound there- 
from. The source of vbration, namely speaker unit 1302 



and passive radiator 1301 are nx>unted direct onto the 
baffle 1303, the rigidity of which being the highest; 
therefore, the unwanted vibratbn of speaker system 
due to counteractk>n of speaker unit 1302 is reduced. 

5 In a compact or flat configuration, the direct mount- 
ing of speaker unit 1302 onto baffle 1303 helps keep the 
volume ratio of the front ck>sed cavity reduced; which 
improves the sound characteristics of a speaker sys- 
tem The back closed cavity 1305 is to seal the back 

10 sound output of speaker unit 1302 in. so as the back 
sound output from speaker unit 1302 does not interfere 
with the sound output of passive radiator 1301. 

The invention may be embodied in other specifk; 
forms without departing from the spirit or essential char- 

15 acteristics thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictiva The scope of the present invention is 
shown by the claims, and not to be restricted by the 
above explanation. Modifk:ations or cfianges in the 

20 scope of the claims or equivalents thereto are all within 
the scope of the invention. 

Claims 

25 1. A speaker system comprising: 

a speaker unit connected with a sound signal 
input terminal; 

a passive radiator driven t>y sound output of 
30 said sp^ter unit; 

a front ctosed cavity including saki passive 
radiator, for coupling said sound output with 
said passive radiator; 

a badk closed cavity for sealing said sound out- 
35 put in; 

a t>affle compr^ng a top board for mounting 
said passive radator on, and constituting a 
speaker box; and 

a cat>inet constituting said speaker box in com- 
40 binatk>n with saki t)affle, wfierein 

saki speaker unit is mounted on a nfvxjnting 
member whk:h is fixed to saki top board at a 
place other than the end. 

45 2. A speaker system of daiml. wherein sakl mount- 
ing member is comprised of a cylinder forming sakJ 
front ck>sed cavity, and sakJ speaker unit is 
moiHited on the opening of saci cylinder. 

50 3. A speaker system of daim 1 . wherein said speaker 
unit is disposed in a reverse arrangement relative to 
said passive radiator, saki front dosed cavity cou- 
ples a sound output delivered from the back of said 
speaker unit, and sakJ t>ack dosed cavity seals a 

65 sound output delivered from the front of saki 
speaker unit in. 

4. A speaker system of daim 1 . wherein sakJ speaker 
unit is disposed in a same directk)n as sakJ passive 
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radiator, said front closed cavity couples a sourxj 
output delrvered from the front of said speaker unit, 
and said back dosed cavity seals a sound output 
delivered from the t>ack of said speaker unit in. 

5. A speaker system of daim 1 , wherein diaphragm of 
said passive radiator is fixed cfirect to saKi top 
board. 

6. A speaker system of daim 1, wherein said passive 
radiator is comprised of plural passive radiators. 

7. A speaker system of daim 1 . further comprising a 
diffuser cfisposed on said passive radiator. 

8. A speaker system of daim 1 , further comprising a 
power arrplifier induding a pulse width modulatk>n 
amplifier, whtoh is built in saki speaker bcx. 

9. A speaker system conrrprising: 

a speaker unit connected with a sound signal 
input terminal; 

a through ckjct for racfiating a sound output of 
said speaker unit towards outskie; 
a frorrt dosed cavrty comprising said through 
duct, for coupling saki sound output with sakJ 
through duct; 

a back dosed cavity for sealing sati sound out- 
put in; 

a baffle corrprising a top board, and constitut- 
ing a speaker box; and 

a cabinet constituting saki speaker box in com- 
t>ination with sakJ baffle, wherein 
sakI speaker unit is nrxxjnted on a nruxjnting 
member which is fixed to said top board at a 
place other than the erxl. 

10. A speaker system of daim 9. wherein sakJ mount- 
ing member is corrprised of a cylinder forming said 
front dosed cavity, and said speaker unit is 
mounted on the opening of sakJ cylinder. 

11. A speaker system of daim 9, wherein saki frorrt 
dosed cavity coiples a sourxi output delivered 
from the back of saki speaker unit, and saki back 
dosed cavity seals a sound output delivered from 
the front of said speaker unit in. 

12. A speaker system of daim 9, wherein saki front 
dosed cavity couples a sourxi output delivered 
from the front of saki speaker unit and saki back 
dosed cavity seals a sound output delivered from 
the back of said speaker unit in. 

13. A sound produdng apparatus comprising: 

a speaker system comprised of a speaker unit 
connected with a sound signal input terminal, a 



passive radiator driven by sound output of saki 
speaker unit, a front dosed cavrty induding 
saki passive radiator, for coupling saki sound 
output with said passive radiator, a t>ack dosed 

5 cavrty for sealing said sound output in, a baffle 

comprising a top board for mounting saki pas- 
sive radiator on, and constituting a speaker 
box, and a cabins constituting said speaker 
tax in combination with saki baffle, wherein 

10 saki speaker unit is mounted on a nK}unting 

member which is fixed to said top board at a 
place other tfian the end; 
a power amplifier for delivering a reproduction 
signal to saki speaker system; 

IS a microphone for detecting a sound output sig- 

nal radiated from ertfier saki speaker unit or 
saki passive radiator; and 
a sound feedback drcuit for feeding the sound 
signal from saki nucrophone to said power 

20 amplifier. 

14. A sound produdng apparatus of daim 13, wherein 
said speaker unit is disposed in a reverse arrange- 
ment relative to saki passive radiator, said front 
25 dosed cavrty couples a sound output delivered 
from the back of saki speaker unit and saki l>adc 
dosed cavity seals a sourxi output delivered from 
the front of saki speaker unit in. 

30 15. A sound produdng apparatus of daim 13. wherein 
said speaker unit is disposed in a same direction as 
said passive radiator, saki front dosed cavity cou- 
ples a sound output delivered from the front of saki 
speaker unit, and saki back dosed cavity seals a 

35 sourxi output delivered from the back of said 
speaker unit in. 

16. A sound produdng apparatus of daim 13, wherein 
said sound feedback drcuit corrprises a subtracter 

40 cfisposed in a stage before saki power anplrfier, a 
microphone amplifier for arrplifying a sourxi signal 
detected by saki miaophone, and an adder/sut)- 
tracter connected with sad subtracts for adding 
and subtracting the output signal of saki mk:ro- 

45 phone amplifier and the input signal of saki power 
amplifier. 

17. A sound produdng apparatus corrprising: 

50 a speaker system comprised of a speaker unit 

connected with a sound signal input terminal, a 
passive radiata driven by sound output of saki 
speaker unit a front dosed cavity induding 
saki passive radiator, for coupling saki sound 

55 output with said passive radiator, a back dosed 

cavity for sealing said sound output in, a k>aff le 
corrprising a top tx>ard for nwunting saki pas- 
sive radiator on, and constituting a speaker 
box, and a cat>inet constituting said speaker 
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box in combination with said laaffle, wherein 
said speaker unit is mounted on a nKXjnting 
member which is fixed to said top l:x»rd at a 
place other than the end; 

a power amplifier for delivering a reproduction s 

signal to said speaker system; 

a frequency voltage conversion circuit provided 

with input terminal of car speed pulse; 

a first voltage control amplifier for corrtrolling a 

sound ir^ signal which is based on the output 10 

signal of said frequency vohage conversion dr- 

cuH;and 

a second voltage control anplrfier for control- 
ling a sound input signal whk:h is based on the 
control signal supplied according to the operat- is 
ing state of engina 

18. A sound producing apparatus of daim 17, wherein 
said speaker unit is cfisposed in a reverse arrange- 
ment relative to said passive racfiator, said front 20 
closed cavity couples a sound output delivered 
from the k>ack of said speaker unit, and said back 
closed cavity seals a sound output delivered from 
the front of saki speaker unit in. 

25 

19. A sound producing apparatus of daim 17, wherein 
sad speaker unit is disposed in a same directk>n as 
sakj passive radiator, said front closed cavity cou- 
ples a sound output delivered from the front of sakj 
speaker unit, and sakJ back dosed cavity seals a 30 
sound output delivered from the back of sakj 
speaker unit in. 

20. A sound produdng apparatus of daim 17, further 
comprising an integration drcurt for integrating out- 3S 
put signal of said frequency voltage conversion dr- 
cult, disposed in a stage t>efore said first voltage 
control ampTrf ter. 

21. A sound producing apparatus of daim 17, further 40 
comprising a signal limiting drcurt for limiting an 
output signal of either said first voltage control 
amplifier or second voltage contrd amplifier, dis- 
posed in a stage t>6fore sakj power arrplif ier. 

45 

22. A sound produdng apparatus of daim 17, wherein 
said second voltage contrd amplifier detects a volt- 
age to t>e delivered when engine switch is ON, for 
raising the rate of amplifk^ation. 

50 

23. A sound producing apparatus conprising a full- 
range speaker system and a low-range speaker 
system, wherein said low-range speaker system 
corrprises: 

55 

a speaker unit connected with a sound signal 
input terminal; 

a passive radiator disposed in a reverse 
arrangement relative to sakl speaker unit and 



driven by a sound output from the back of said 
speaker unit; 

a front dosed cavity induding saki passive 

radiator, for coupling sakJ sourxJ output from 

the back with saki passive radiator; 

a back dosed cavity for sealing a sound output 

from the front of saki speaker unit in; 

a baffle corrprising a top board for nrK>unting 

saki passive radiator on, and constituting a part 

of speaker box; and 

a cabinet cortstituting saki speaker box in oom- 
binatk>n with saki baffle, wherein saki speaker 
unit is nrxHjnted on a mounting member whk^h 
is fixed to said top board at a place other than 
the end, wherein 

saki low-range speaker system is supplied with 
a sound signal which is reverse-phased to a 
sound signal to be delivered to saki full-range 
speaker system. 
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